result obtained from the study suggests that short-term consumption of coffee might have a significant effect on the integrity of the liver function tests studied.
Introduction
Coffee is a widely consumed stimulant beverage prepared from roasted seeds, commonly called coffee beans, of the coffee plant [1] . It was first consumed in the 9th century, in the highlands of Ethiopia where it was discovered. Coffee spread to Italy, then to the rest of Europe and the Americas. Today, coffee is one of the most popular beverages worldwide [2, 3] .
Scientific studies have examined the relationship between coffee consumption and an array of medical conditions. Findings are contradictory as to whether coffee has any specific health benefits, and results are similarly conflicting regarding negative effects of coffee consumption [4] . It has been suggested that coffee consumption may help prevent several chronic diseases, including type 2 diabetes mellitus, Parkinson's disease, liver cirrhosis and hepatocellular carcinoma [5] , but it increases the risk of acid reflux and associated diseases.
Some health effects of coffee are due to its caffeine content, as the benefits are only observed in those who drink caffeinated coffee, while others appear to be due to other components as exemplified by the presence of the antioxidants that prevent free radicals from causing cell damage [6] . Coffee's negative health effects are also mostly due to its caffeine content. Excess coffee consumption may lead to a magnesium deficiency or hypomagnesemia [7] and may be a risk factor for coronary heart disease. The liver plays a major role in metabolism, synthesis and storage of essential substances in the body, as well as the detoxification of xenobiotics [8] . The world's primary source of caffeine is the coffee bean, from which coffee is brewed. Caffeine, an active ingredient of coffee, is a central nervous system and metabolic stimulant [9] and is used both recreationally and medically to reduce physical fatigue and restore mental alertness when unusual drowsiness or weakness occurs. After absorption, caffeine is metabolized in the liver into three primary metabolites: paraxanthine: 84%; theobromine: 12%, and theophylline: 4% [10] .
Factors such as age, liver function, pregnancy, some concurrent medications, and the level of enzymes in the liver needed for caffeine metabolism could affect caffeine metabolism, making its half-life to vary widely among individuals. In healthy adults, caffeine's half-life is approximately 3-4 h [11] . In severe liver disease when its half-life can increase to 96 h [12] , caffeine can accumulate in an individual. Caffeine is metabolized in the liver by the cytochrome P450 oxidase enzyme system into three metabolic dimethylxanthines, paraxanthine, theobromine, and theophylline -with each having its own effects on the body.
In recent years a number of studies have suggested potential health risks associated with coffee consumption; however, the results are conflicting [13, 14] . A number of investigators have focused their attention on the relationship between the consumption of coffee and liver disease. For instance, Cadden et al. [14] have reported the beneficial effects of coffee on abnormal liver biochemistry, cirrhosis and hepatocellular carcinoma. Another study carried out by Casiglia et al. [15] reported that subjects who consumed three or more cups of coffee per day had significantly lower plasma levels of liver enzymes and bilirubin than those who consumed 0-2 cups/day. The researchers hypothesized that liver enzymes are a target for caffeine or other components of coffee. Among persons at high risk for liver injury, coffee drinking and caffeine consumption from beverages have been associated with lower risk of injury [16] . In contrast, Urgert et al. [17] reported an increase in the concentration of liver enzymes following the consumption of coffee diterpenes. Boekschoten et al. [18] also observed an increase in plasma activities of liver enzymes and a tendency of alkaline phosphatase (ALP) to be decreased; however, the mechanism through which coffee affects the liver is still unknown.
Nigerians seem to consume more coffee these days even though the quantity consumed might be less than that in many European countries [19] . Considering the likely effects of coffee consumption on health status, it might be suggested that coffee consumption may affect liver function. However, detailed studies on the effect of coffee intake in this community are lacking. This study was therefore designed to determine the short-term effect of coffee consumption on plasma activity of liver enzymes, total and conjugated bilirubin, and total protein and albumin levels in male and female adult Nigerians.
Subjects and Methods

Subjects
The study lasted from June to August, 2008. Thirty healthy volunteers were recruited for the study, through personal contact after proper consultation. The volunteers included both men and women most of whom were students of Ladoke Akintola University of Technology, Osogbo Campus. Ethical approval was obtained from the Ladoke Akintola University of Technology Ethics Committee. The study protocol and expected changes in liver enzymes and other parameters of the liver function test were carefully explained to them. Subjects consisted of 18 men and 12 women with a mean age 23.6 8 2.0 years (range 20-28) and mean body mass index of 22.1 8 2.31 kg/m 2 . Pregnant women and those taking oral contraceptives were excluded from the study. None of the subjects reported a history of gastrointestinal, kidney or liver disease. All subjects were apparently healthy, non-alcohol consumers and none was taking medication known to affect liver function. Informed consent was obtained from each subject before commencement of the study. Only one brand of commercial coffee was used for the study in which each subject consumed a moderate quantity of 2 g of coffee daily over a period of 30 days. Subjects were allowed to use little milk and/or sugar to enhance compliance. Subjects were also asked to maintain their usual dietary habit and, if possible, avoid the use of medications throughout the course of the study.
Sample Collection
A sample of 5 ml of venous blood was collected from each subject and dispensed into lithium heparin bottles before and after 30 days of coffee consumption. Plasma was obtained by centrifugation for 5 min at 3,000 rpm and separated into plain bottles for analysis. Randox enzymatic kit (Randox Laboratories, United Kingdom) was employed for the in vitro determination of the activity of alanine transaminase (ALT) and aspartate transaminase (AST) in plasma, using the colorimetric method of Reitman and Frankel [20] . Randox enzymatic kit (Randox Laboratories, UK) was also used for the in vitro determination of ALP activity in plasma, according to the colorimetric method of Englehardt et al. [21] . The method of Jendrassik and Grof [22] was employed for the determination of plasma total and conjugated bilirubin concentration, while plasma total protein and albumin concentrations were carried out using the Biuret method and the bromocresol green method of Doumas and Watson [23] , respectively. Quality control sera (Randox Laboratories, UK) were used for quality assessment.
Statistical Analysis
Results were expressed as mean 8 standard deviation. Pairwise comparison of means was made using the nonparametric t test and p ! 0.05 regarded as significant.
Results
Compared to baseline values ( table 1 ) in all subjects, coffee consumption for 30 days significantly increased mean plasma AST and ALT (p ! 0.001), respectively. However, ALT increased more than AST did. ALP also significantly increased after 30 days of coffee consumption. Significant increases in the mean concentration of total bilirubin (p ! 0.05), total protein (p ! 0.05) and albumin (p ! 0.05) were also observed after regulated coffee intake. The difference in mean concentration of conjugated bilirubin was not significant (p 1 0.05).
In male subjects, the mean plasma activities of AST and ALT were significantly increased (p ! 0.001). ALP was also significantly increased compared to baseline values (p ! 0.05), whereas bilirubin (total and conjugated), total protein and albumin were not significantly altered (p 1 0.05, table 2 ). Consumption of coffee for 30 days in female subjects ( table 3 ) significantly raised the mean plasma activity of AST (p ! 0.05) and ALT (p ! 0.001). As in male subjects, ALT in female subjects increased more than AST did. The mean concentration of total bilirubin (p ! 0.01) and conjugated bilirubin (p ! 0.05) was significantly increased after 30 days of coffee consumption, whereas ALP, total protein and albumin were not significantly altered (p 1 0.05).
Discussion
It has been hypothesized that liver enzymes are a target for caffeine or other components of coffee [15] . In this study, coffee consumption for 30 days resulted in a significant increase in mean plasma activity of ALT and AST over baseline values. It was observed that AST was T B = Total bilirubin; CB = conjugated bilirubin; TP = total protein; ALB = albumin; NS = not significant; SD = standard deviation; t = Student's t value. T B = Total bilirubin; CB = conjugated bilirubin; TP = total protein; ALB = albumin; NS = not significant; t = Student's t value. T B = Total bilirubin; CB = conjugated bilirubin; TP = total protein; ALB = albumin; NS = not significant; t = Student's t value. less affected by coffee consumption than ALT levels. This study confirmed the findings of other investigators [17, [24] [25] [26] [27] who observed that subjects consuming coffee diterpenes had a significant rise in mean concentrations of serum liver aminotransferases, and also that ALT rose more than AST did [17] . Urgert et al. [26] had two groups of subjects: one group took unfiltered coffee providing 39 mg cafestol and 49 mg kahweol, while the other group took boiled coffee containing 11 mg cafestol and 13 mg kahweol. Both the unfiltered and boiled coffee caused significant increases in plasma ALT and AST. It is possible that the outer membrane of hepatocytes has become leaky but that cells are still largely intact. ALT is predominantly present in the cytoplasm of hepatocytes, whereas AST is predominantly present in the mitochondria. However, when hepatocytes sustain more severe injury, the serum levels of AST will exceed that of ALT [28] . These elevations of liver aminotransferase activity in serum may be indicative of disturbed integrity of liver cells. However, it has been reported that serum activities of transaminases returned to baseline after withdrawal of coffee [26] . In contrast, Casiglia et al. [15] observed that subjects who consumed 3 or more cups of coffee per day had significantly lower plasma levels of liver enzymes when compared to those consuming 0-2 cups per day. Differences observed in the plasma activities of liver enzymes in the present study did also not agree with the findings of Bravi et al. [29] and other investigators, who reported an inverse relationship between coffee consumption and liver enzymes.
Significant increases in the mean concentration of ALP, total bilirubin, and total protein were observed in this study. This is contrary to the findings of Boekschoten et al. [18] , who observed a tendency for ALP to be decreased. The latter study also observed a 38% increase in bilirubin levels during the follow-up measurement compared to baseline, 4 weeks after termination. The increase in ALP and total bilirubin observed in the present study, though significant, was too small to be suggestive of cholestatic disease. ALP is strongly increased in cholestatic disease [30] , which is not the case following 30 days of coffee consumption. The increase in total protein may suggest that coffee consumption has a considerable effect on the synthetic function of the liver.
Factors that could unduly influence the outcome of this study were minimized as detailed below. All the volunteers were screened to ensure they were apparently healthy, neither smoked nor consumed alcohol and were not on medication. All these have been observed to cause slight or moderate elevations of both AST and ALT activities amongst others [28] . The diet consumed by the subjects was also assumed not to vary significantly since they were advised on the importance of maintaining their usual diet.
Conclusion
This study showed an increase in AST, ALT, ALP, total bilirubin, and plasma protein. This suggests that shortterm consumption of coffee could have a significant effect on the integrity of the liver functions studied. It is possible that liver enzymes could be a target for caffeine or other components of coffee; however, the mechanism of the effect presently remains unclear. Further studies regarding the mechanism through which coffee affects the liver is highly needed.
